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Background. Previous studies have suggested that black populations have more small-vessel and fewer cardioembolic strokes. We
sought to analyze racial diﬀerences in ischemic stroke subtype employing a comprehensive diagnostic workup with magnetic
resonance-imaging-(MRI-) based evaluation including diﬀusion-weighted imaging (DWI). Methods.3 5 0a c u t ei s c h e m i cs t r o k e
patients admitted to an urban hospital with standardized comprehensive diagnostic evaluations were retrospectively analyzed.
Ischemic stroke subtype was determined by three Trial of Org 10172 in Acute Stroke Treatment (TOAST) classiﬁcation systems.
Results. We found similar proportions of cardioembolic and lacunar strokes in the black and white cohort. The only subtype
category with a signiﬁcant diﬀerence by race was “stroke of other etiology,” more common in whites. Black stroke patients were
more likely to have an incomplete evaluation, but this did not reach signiﬁcance. Conclusions. We found similar proportions by
race of cardioembolic and lacunar strokes when employing a full diagnostic evaluation including DWI MRI. The relatively high
rateofcardioembolismmayhavebeenunderappreciatedinblackstrokepatientswhenemployingaCTapproachtostrokesubtype
diagnosis. Further research is required to better understand the racial diﬀerences in frequency of “stroke of other etiology” and
explore disparities in the extent of diagnostic evaluations.
1.Introduction
Prior studies have demonstrated a signiﬁcantly higher inci-
dence of both ischemic and hemorrhagic stroke in black pa-
tients compared to whites [1–3]. For ischemic stroke, pop-
ulation-based studies in North America have speciﬁcally re-
portedanincreasedincidenceofsmallvessel,largeartery(in-
tracranial), and undetermined stroke subtypes in the black
population [1, 2, 4, 5]. In addition, several studies have ex-
amined diﬀerences in the proportion or distribution of is-
chemic stroke subtypes by race. Speciﬁcally, these studies
have found a greater proportion of small vessel strokes [6–8]
and a counterbalancing smaller proportion of cardioembolic
strokes [1, 2] in blacks as compared to whites.
These racial diﬀerences have been attributed, in part, to
a higher prevalence of stroke risk factors in blacks, including
smoking, hypertension, and diabetes [2]. However, there is
the possibility that the incidence rates of certain subtypes
of strokes, such as extracranial large artery, lacunar or
cardioembolic subtypes, have been under- or overestimated
in some studies due to incomplete diagnostic workup. In
thesepreviousstudies,themajorityofpatientsreceivedcom-
puted tomography (CT) rather than MR imaging. This is
important as other studies have shown that diﬀusion MRI
can substantially improve the accuracy of the diagnosis of
early ischemic stroke subtype [9, 10]. In particular, small
vesselandbrainstemstrokesmaybemissedonCT,andsmall,
punctatelesions in multiple vascularterritories (indicative of
a proximal embolic source) may only be visualized on DWI.
In this hospital-based study, we sought to examine the racial
diﬀerences in the proportion of ischemic stroke subtypes as
determined after a comprehensive diagnostic workup, in-
cluding DWI MRI and vascular imaging.
2. Methods
Consecutive patients with a diagnosis of acute ischemic
stroke admitted to or evaluated by the stroke service between2 Stroke Research and Treatment
Table 1: Baseline characteristics of the cohort as a whole and by race.
Overall (n = 350) Black (n = 261) White (n = 89) P value
Age (mean) 63 63 63 0.94
Male gender, n (%) 171 (49) 109 (42) 62 (70) <0.01
Hypertension, n (%) 272 (78) 213 (82) 59 (66) <0.01
Diabetes mellitus, n (%) 133 (38) 108 (41) 25 (28) 0.03
Coronary artery disease, n (%) 87 (25) 60 (23) 27 (30) 0.17
Hyperlipidemia, n (%) 131 (37) 94 (36) 37 (42) 0.35
Tobacco use (current), n (%) 64 (17) 43 (16) 18 (20) 0.42
October 2004 and July 2007 were identiﬁed. The Washington
Hospital Center is a large hospital in an urban setting serving
the greater Washington D.C. area in which all patients pre-
senting within 24 hours are evaluated emergently by the
strokeserviceandthosebeyond24hoursaretypicallyseenas
consults. For the current analysis, only patients with race id-
entiﬁed as white (or Caucasian or non-Hispanic white), or
black (or African American) were included. Patients with
classically deﬁned transient ischemic attacks (symptom re-
solution within 24 hours of onset) were excluded. As Wash-
ington Hospital Center is a large cardiology referral center in
the DC metropolitan area, we excluded 25 patients with in-
house strokes to minimize bias from acute primary cardiac
referrals.
As part of the standard stroke diagnostic workup, every
patient received noninvasive vessel imaging of the head and
neck (MRA or ultrasound); echocardiography (transthorac-
ic, and if deemed necessary, transesophageal); a 12-lead elec-
trocardiogram; routine laboratory studies, including fasting
lipid panel and hemoglobin A1C. Patients were monitored
in the inpatient telemetry unit throughout their admission
to detect potential arrhythmias. If the patient was under 55
years old and no other source of stroke was found, a hyper-
coagulable panel was also sent. All patients received brain
imaging viadiﬀusion-weighted MRI(95%ofpatients) orCT
scan.
Presence of comorbid risk factors including hyperten-
sion, diabetes, tobacco usage, coronary artery disease, and
hyperlipidemia was recorded and analyzed. These factors
were either deﬁned on admission by medical history doc-
umentation, patientreport, documented medication forper-
tinent condition, or based on new diagnosis during in-hos-
pital diagnostic evaluation. Race and ethnicity were clas-
siﬁed using US Census categories. Ischemic strokes were cat-
egorized employing three approaches: the standard Trial of
Org 10172 in Acute Stroke Treatment (TOAST) classiﬁcation
[11], the Stop Stroke Study (SSS) TOAST classiﬁcation [12],
and MR imaging modiﬁed TOAST [9]. The standard
TOAST classiﬁcation has ﬁve categories: large artery dis-
ease, small vessel disease, cardioembolic source, other, or un-
known. The SSS TOAST classiﬁcation uses the same basic
ﬁve categories, but divides each group into evident, prob-
able, or possible classiﬁcations, to help allow for multiple
potential etiologies for ischemic stroke. Using a decision
algorithm,aﬁnaldeterminationofpossible,probable,orevi-
dent etiology is made. The MR imaging modiﬁed TOAST
classiﬁcation utilizes MRA and DWI ﬁndings, along with
clinical history and exam, to categorize patients into small-
vessel disease stroke, cardioembolic stroke, large vessel ath-
erothromboembolic stroke, other etiology (such as hyper-
coagulable state), unknown etiology, more than one likely
etiology,andunknownstrokesubtypes.Oneneurologist(SS)
reviewed the chart, the imaging, and the diagnostic reports,
to make determinations as to the TOAST subtypes. In equi-
vocal cases, a second neurologist (C. S. Kidwell) assessed the
information and a consensus was reached.
Diﬀerences in dichotomous variables were analyzed us-
ing chi-square analysis or Fisher’s exact test. The student’s
t-test was used to analyze diﬀerences in the mean of con-
tinuousvariablesbetweengroups.Allstatisticalanalyseswere
performed using the Statistical Package for the Social Sci-
ences version 17.0 (SPSS, Chicago, IL, USA).
3. Results
A total of 350 patients meeting inclusion criteria were con-
secutively admitted with diagnoses of ischemic stroke to the
academic acute stroke service at an innercity community
hospital. Of these, 261 subjects were black and 89 subjects
were white. Table 1 shows the baseline characteristics for the
cohort as a whole and by race. Overall, mean age was 63
and 49% of subjects were male. Overall, 78% of subjects had
a history of hypertension, 38% diabetes mellitus, 25% coro-
nary artery disease, 37% hyperlipidemia, and 17% were cur-
rent tobacco smokers. The black cohort was 42% male, com-
pared to 70% in the white cohort (P<0.01) and also had
a greater frequency of hypertension (82% versus 66%, P<
0.01) and diabetes mellitus (41% versus 28%, P = 0.03).
Other risk factors were similar between the white and the
black cohorts.
Table 2 and Figure 1 show the proportion of strokes by
subtype and race for each of the three TOAST rating systems.
For the standard TOAST, there was no signiﬁcant diﬀerence
by race for the proportion of strokes that were small vessel,
cardioembolic,largeartery,orundetermined.Strokeofother
etiology was signiﬁcantly more frequent in the white versus
black group using all 3 classiﬁcation systems (for standard
TOAST 15% versus 7%, P = 0.03). Employing the SSS
TOAST and imaging TOAST algorithms, there tended to be
fewer cases in the undetermined categories for both races
compared to the standard TOAST.Stroke Research and Treatment 3
Table 2: TOAST classiﬁcations of ischemic stroke subtypes by race.
TOAST SSS-TOAST Imaging TOAST
Black White P Black White P Black White P
Cardioembolic, n (%) 80 (31) 27 (30) 0.96 75 (29) 23 (26) 0.60 90 (34) 33 (37) 0.66
Large artery, n (%) 21 (08) 9 (10) 0.55 31 (12) 13 (15) 0.50 22 (08) 8 (09) 0.87
Other, n (%) 18 (07) 13 (15) 0.03 26 (10) 16 (18) 0.04 15 (06) 11 (12) 0.04
Small vessel, n (%) 28 (11) 9 (10) 0.87 33 (13) 12 (13) 0.84 30 (11) 9 (10) 0.72
Undetermined, n (%) 114 (44) 31 (35) 0.14 96 (37) 25 (28) 0.14 104 (40) 28 (31) 0.16
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37 91 2 1 0 31
34 8 61 1 4 0
(c)
Figure 1: Proportions of stroke subtype by race for each classiﬁcation system (∗indicates statistical signiﬁcance at a P<0.05). (a) Standard
TOAST. (b) SSS-TOAST. (c) Imaging TOAST.
Overall, in the white patient group, 30% were female;
in the black patient group, 58% were female. There were
no signiﬁcant diﬀerences in etiology utilizing the standard
TOAST etiology between white men, white women, black
men, and black women. However, due to small numbers of
“other” etiology in black men as compared to black women
(1% versus 7%, P = 0.06), there was a trend towards sig-
niﬁcance.
For each classiﬁcation system, the subcategories of stroke
of undetermined etiology were classiﬁed diﬀerently and
therefore could not be compared across systems. There were
no signiﬁcant diﬀerences by race in these subcategories for
the standard TOAST or imaging TOAST, although there was
atrendinbothtowardsmoreblackversuswhitepatientswith
more than 1 etiology (14% versus 8%, P = 0.12 for standard
TOAST, 13% versus 7%, P = 0.09 for imaging TOAST). For
the SSS TOAST, there were no signiﬁcant racial diﬀerences
in the cryptogenic or other categories. There was, however,
a trend towards more black stroke patients with incomplete
workups (7% versus 2%, P = 0.11) and unclassiﬁed strokes
(9% versus 1%, P<0.01) although the numbers are small.
Of note, there was no signiﬁcant diﬀerence in incomplete4 Stroke Research and Treatment
workupbyraceemployingthestandardTOASTsystem(11%
versus 8%, P = 0.34). There were no diﬀerences by race in
completion of individual components of the overall workup.
4. Discussion
This analysis of the distribution of ischemic stroke sub-
type by race uniquely employed a diagnostic workup that
included diﬀusion-weighted MR imaging in the vast major-
ity of patients. Unlike prior studies with incomplete workups
and/or CT-based imaging, the overwhelming majority of
patients included in our analysis had a comprehensive hos-
pital-based diagnostic workup, including echocardiography,
telemetrymonitoring,vesselimaging,andlaboratorytesting.
We compared results using three approaches to ischemic
stroke subtype classiﬁcation: standard TOAST [11], SSS
TOAST [12], and imaging-based TOAST [9]. Employing this
comprehensivediagnostic approach,ourstudyfoundahigh-
er proportion of cardioembolic strokes and a smaller pro-
portion of small vessel strokes in blacks (compared to
prior studies) such that both blacks and whites had similar
proportions of both subtypes. We also found that whites had
a relatively small proportion of large artery strokes, a ﬁnding
contrary to many previous studies. The main signiﬁcant
diﬀerence between groups was that the black cohort had
signiﬁcantly fewer strokes in the “strokes of other etiology”
category. There are a number of possible explanations for
the noted diﬀerences in the racial proportion of ischemic
stroke subtypes. As noted above, the extent of the diagnostic
workup may have diﬀered. Alternatively, there may be
geographic and community-based diﬀerences in risk factors
and/or subtypes [13].
A number of prior studies have reported racial diﬀer-
ences in stroke subtype proportions [1, 2, 6, 7, 14]. In the
Northern Manhattan population, White et al. reported
similar rates of small-vessel strokes in blacks and whites but
a greater rate of the cardioembolic subtype in whites as com-
paredtoblacks[2].Schneiderreportedsimilarﬁndingsinthe
Cincinnatipopulation[1].Markusetal.foundasigniﬁcantly
greater proportion of lacunes in the British black population
as compared to whites oﬀset by a greater proportion of
cardioembolic subtype in whites [8]. This study reports
similar proportions of cardioembolic and lacunar strokes in
both black and white cohorts employing diﬀusion-weighted
MR imaging in the majority of patients.
An analysis of risk factors in our population showed that
the black stroke cohort had signiﬁcantly greater rates of dia-
betes and hypertension compared to whites, while the rates
of coronary artery disease and hyperlipidemia were similar.
In our cohort, the mean age did not diﬀer by race; however
there was a signiﬁcant racial diﬀerence in gender between
groups with 42% of the black cohort being male compared
to 70% of the white cohort. Our population diﬀers in risk
factors and baseline characteristics from some prior reports
in the fact that age was similar in both groups (whereas in
most prior studies blacks have a younger age) and that there
were more women in the black cohort.
Compared to the standard TOAST classiﬁcation, the SSS
TOAST classiﬁed more patients in the cardioembolic, large
artery, small vessel, and other categories and fewer in the
undetermined category for both groups, while the imaging
TOAST classiﬁed more subjects only in the cardioembolic
category. In our study, 79 patients (black and white) were
found to have strokes of undetermined etiology under stan-
dard TOAST criteria. After utilizing, for instance, imaging
TOASTcriteria,thenumberofstrokesofundeterminedetio-
logy decreased to 71, a 10% change. The cardioembolic ca-
tegory had the greatest increase of cases, signaling a shift
from an undetermined to a clearer etiology by using DWI
MRI. This is likely due to the ability of DWI to detect mul-
tiple small acute lesions (not visualized on CT) in diﬀerent
vascular territories [15]. However, we point out that a sub-
stantial number of cases in each method of etiologic TOAST
criteriastillremainedundetermined,despitethecomprehen-
sive diagnostic workup that patients received.
Accurate determination of stroke subtype on an individ-
ual level is important in order to appropriately tailor sec-
ondary prevention strategies. In particular, cardioembolic
stroke is often most appropriately treated with anticoagula-
tionratherthanantiplatelet agents,particularlyinthesetting
of atrial ﬁbrillation. Recent studies have suggested that car-
dioembolism from atrial ﬁbrillation may be underdiagnosed
in general, but particularly so in the black population [16]. It
ispossiblethatasigniﬁcantproportionofpatientspreviously
diagnosedwithstrokeofundeterminedsubtypemayactually
have had cardioembolism, and particularly in black stroke
patients. Our study suggests that more research needs to
be done to conﬁrm and explain racial diﬀerences in stroke
subtype, particularly in the category of “other etiology.” One
possibility is a racial or genetic susceptibility to certain types
of stroke or hypercoagulable states.
Racial diﬀerences in the subcategory of “incomplete
workup” using the SSS TOAST system is worth noting,
although this diﬀerence did not reach statistical signiﬁcance
using the standard TOAST classiﬁcation. A number of stud-
ies[17–20],butnotall[21],havefoundimportantdisparities
in the extent of diagnostic evaluation in minority popula-
tions with stroke. A study of Michigan hospitals found that
African American stroke patients were less likely to receive
cardiac monitoring, dysphagia screening, smoking cessa-
tion counseling, or a CT within 25 minutes of hospital ar-
rival. However, other aspects of the diagnostic evaluation in-
cluding imaging of brain, vessels, and heart did not show a
racialdiﬀerence[17].Tuhrimetal.reportedthatblackstroke
patients were less likely to receive complete diagnostic eval-
uations and less likely to receive appropriate secondary pre-
vention measures [18]. These racial disparities in evaluation
and treatment may be explained by diﬀerences in insurance
or socioeconomic status, patient mistrust of the medical
system, and/or clinician bias. Since all patients had standard
order sets and the stroke team followed a prespeciﬁed path-
way for diagnostic workup in this study, the underlying
reason for disproportionally incomplete evaluations in the
black population is unclear.
This study is limited by the fact that it was a hospital-
based retrospective chart review rather than a population-
based study. As with any hospital-based study, there is the
potential for selection bias such that the population is notStroke Research and Treatment 5
representative of the general population. However, Wash-
ington Hospital Center is the main community hospital for
the region and receives over one-half of all strokes in the DC
metropolitan area. Furthermore, a hospital-based study has
the advantage of incorporating a more comprehensive and
consistent diagnostic workup, which is crucial to an accurate
determination of stroke subtype. Of note, we were not able
to collect data on socioeconomic status or insurance. Fu-
ture studies should include these variables in analyses, pa-
rticularly studies evaluating the disparities in diagnostic
assessments. Gender diﬀerences in our population may also
have played a factor in the results we received. We had a
muchhigherproportionofwomenintheblackpatientgroup
(58%) compared to the women in the white patient group
(30%). Given this was a retrospective study based upon a
single hospital’s experience, in future studies, a larger, more
random sample would give more power to any diﬀerences
found. We also used three diﬀerent TOAST criteria to dia-
gnose etiology of ischemic stroke, recognizing that other
studies have used other forms of etiologic criteria, such as
the modiﬁed NINDS scheme.
In conclusion, we found no diﬀerence in the frequency of
ischemic stroke subtypes when employing a comprehensive
diagnostic evaluation including diﬀusion-weighted MRI.
This ﬁnding is particularly robust given the ﬁndings of high
rates of hypertension and diabetes in our population—risk
factors speciﬁcally associated with small-vessel strokes. In
addition, our results suggest that the relatively high rate of
cardioembolism may be underappreciated in black stroke
patients and that diﬀusion-weighted MR imaging may be
important in conﬁrming this stroke subtype. Further re-
search is required to better understand the racial diﬀerences
in frequency of “stroke of other etiology” and to explore ra-
cial disparities in the extent of diagnostic evaluations.
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